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Description
[Technical Field]

[0001] The presentinvention relates to an optical ele-
ment obtained by injecting a resin into a cavity formolding
and a method for manufacturing the optical element.

[Background Art]

[0002] Inrecentyears, optical elements such aslenses
and prisms are required to be thinner and support various
uses, and need to be precisely and uniformly molded into
a unique shape. Particularly, high uniformity is required
with respect to the optical surface shape precision and
the inner birefringence. In addition, product lines, which
are conventionally made of glass in a mainstream, are
required to change into plastic optical elements (plastic
lenses, plastic mirrors, etc.) to meet the requirements of
cost reduction.

[0003] To precisely mold a plastic optical element into
a desired shape by injection molding, in the process of
filling a mold cavity with molten resin, uniform resin pres-
sure and resin temperature are desired in the cavity to
uniformly spread the resin in the mold. Further, the resin
pressure needs to be kept being applied until the resin
is fully solidified. Besides, regarding molded products in
a complex shape with an uneven thickness, the speed
of cooling solidification varies depending on the part,
which results in the occurrence of internal stress. It is
known that a molding method as described above is used
to obtain a plastic optical element with accuracy by in-
jection molding. Although improving the shape transfer
performance for a resin mold surface, this method allows
easy generation of birefringence due to the pressure-
holding process and the internal strain.

[0004] Meanwhile, to reduce the birefringence, injec-
tion molding has to be performed with low resin pressure
in the cavity (low-pressure injection molding). However,
in the low-pressure injection molding, it is not possible to
compensate for the volume of cooling shrinkage of resin
filled in the mold. Accordingly, sink marks are likely to
occur anywhere including molded articles, and the in-
crease in the amount of shrinkage causes the optical
surface to be obtained to separate from the mold transfer
surface prior to being fully cured, resulting in deterioration
in the performance of molding and transfer of the optical
surface shape. Hereinafter, this minute transfer failure of
the optical surface is defined and referred to as "surface
division" to be distinguished from a general sink mark
that can be evaluated from the external appearance. The
surface division is explained below based on photo-
graphs of interference fringes (see Figs. 14A, 14B) ob-
tained by a laser interferometer. Comparing the interfer-
ence fringes regarding the presence of a surface division,
if there is a surface division (see Fig. 14B), it can be
clearly seen that a boundary is generated due to the dif-
ference in transfer condition in the optical surface, and
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accordingly the surface is divided. Fig. 14A illustrates
interference fringes when there is no surface division. As
illustrated in Fig. 14A, if there is no surface division, a
boundary is not caused by the difference in transfer con-
dition in the optical surface, and thus no surface division
occurs. Here, the "surface division" is defined as a minute
transfer failure of the optical surface at a level where the
presence or absence of the failure can be determined by
interference fringes. Fig. 14C is a diagram illustrating
shapes of central cross-sections in parallel to the longi-
tudinal direction of photographs obtained by analyzing
the interference fringes illustrated in Figs. 14A and 14B.
The solid line indicates a cross-section of Fig. 14A and
is seen to form a continuous and loose concave of the
optical surface. The dotted line indicates a cross-section
of Fig. 14B, and it can be seen that a surface division
occurs on the optical surface at a part where the line is
discontinuous.

[0005] There has been known a plastic mold article
molded by low pressure injection molding as a technol-
ogy for reducing the birefringence of an optical element
obtained by injection molding as small as possible, and
also improving the necessary accuracy in the molding
transfer of the optical surface. The plastic article includes
arib (projection) arranged in a boundary between a non-
optical surface and an optical surface, an incomplete
transfer face having a concave shape, which is arranged
on the same face as where the rib is located and formed
by incomplete transfer of the shape of a cavity of the
mold, and an incomplete transfer face having a convex
shape arranged at least one face other than the transfer
face (see Patent Document 1). According to the above
technology, sink area has less influence on the surface
precision of the optical surface. Therefore, it is possible
to improve the shape precision of the transfer surface
without causing shrinkage and a surface division on the
transfer surface.

[Prior Art Document]
[Patent Document]

[0006] [Patent Document 1] Japanese Unexamined
Patent Application Publication No. 2012-20511

[Summary of the Invention]
[Problems to be Solved by the Invention]

[0007] However, the above conventional technology
additionally requires a step of providing arib in the bound-
ary between the non-optical surface and the optical sur-
face to reduce the influence of the sink area on the sur-
face precision of the optical surface in the manufacturing
process. This complicates the manufacturing process
and the shape of the mold and the optical element. Con-
sidering current demands for space-saving and down-
sizing of products, the technology disclosed in Patent
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Document 1 is not applicable to an optical element having
space limitations. Further, even if the rib is made smaller
to meet the space limitations, if the rib is located adjacent
to the optical surface to be obtained, the rib cannot com-
pletely control a large amount of shrinkage. This result
in sink marks and a surface division on the optical sur-
face. Generally, the amount of shrinkage is random with
a certain width, and therefore, the unnecessary rib is in-
evitably increased in size.

[0008] Itis, therefore, an object of the presentinvention
to achieve an optical element with small birefringence,
which is superior in the necessary precision of shape
transfer of the optical surface, by a simple method that
does notrequire an unwanted rib as well as a mold having
a complex structure and a complicated molding method.

[Means of Solving the Problems]

[0009] To solve at least one of the above problems, a
method for manufacturing an optical element according
to one aspect of the present invention is a method for
manufacturing an optical element having an optical sur-
face and a non-optical surface that is adjacent to the op-
tical surface via a ridge by injection molding that includes
a step of forming the non-optical surface with a mold hav-
ing a surface that includes a first area having a first sur-
face roughness for forming a sink area, and a second
area having a second surface roughness larger than the
first surface roughness, which is located between the first
area and the optical surface.

[0010] Further, to solve at least one of the above prob-
lems, according to an aspect of the present invention, an
optical element is manufactured by the above method.

[Effects of the Invention]

[0011] Thus, with the method for manufacturing an op-
tical element according to an aspect of the present in-
vention, it is possible to improve the surface precision of
the optical surface as well as reduce the birefringence at
a low cost.

[Brief Description of the Drawings]
[0012]

Fig. 1is a schematic diagram for explaining a method
for manufacturing an optical element according to
Example 1.

Fig. 2A is an external perspective view of the optical
element in the Example 1.

Fig. 2B is an external perspective view of an optical
element in another example.

Fig. 3 is a table for explaining the evaluation of bire-
fringence distribution and optical surface precision
in examples 1 to 6.

Fig. 4 is a schematic diagram for explaining a method
for manufacturing an optical element according to
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Example 2.

Fig. 5is a schematic diagram for explaining a method
for manufacturing an optical element according to
Example 3.

Fig. 6is a schematic diagram for explaining a method
for manufacturing an optical element according to
Comparative Example 1.

Fig. 7 is a schematic diagram for explaining a method
for manufacturing an optical element according to
Comparative Example 2.

Fig. 8is a schematic diagram for explaining a method
for manufacturing an optical element according to
Comparative Example 3.

Fig. 9is a schematic diagram for explaining a method
for manufacturing an optical element according to
Comparative Example 4.

Fig. 10 is a table for explaining the evaluation of bi-
refringence distribution and optical surface precision
in Comparative Examples 1 to 5.

Fig. 11 is a table illustrating the relationship between
high transfer area width and optical surface precision
within the distance between adjacent optical surfac-
es.

Fig. 12Ais a schematic diagram illustrating the proc-
ess of so-called mold clamping to form a cavity by
butting a movable mold against a stationary mold.
Fig. 12B is a schematic diagram illustrating the proc-
ess of so-called projecting to release a prism from
an injection molding machine.

Fig. 13A is a diagram illustrating an example of the
relationship between the width (one side) of a high
transfer area and the optical surface precision.

Fig. 13B is a diagram illustrating another example of
the relationship between the width (one side) of a
high transfer area and the optical surface precision.
Fig. 14A is a diagram illustrating an interference
fringe when there is no surface division.

Fig. 14B is a diagram illustrating an interference
fringe when there is a surface division.

Fig. 14C is a diagram illustrating the relationship be-
tween the width and height of a non-optical surface
according to the presence/absence of a surface di-
vision.

Fig. 15is a view illustrating a modification of a prism.
Fig. 16 is a view illustrating another modification of
the prism.

Fig. 17Ais aview llustrating stillanother modification
of the prism.

Fig. 17Bis a vertical cross-sectional view of Fig. 17A.
Fig. 17C is a side view of Fig. 17A.

Fig. 18 is a view illustrating a modification of a lens.
Fig. 19 is a view illustrating another modification of
the lens.

Fig. 20 is a table illustrating the evaluation of the
optical surfaces of optical elements illustrated in
Figs. 15 to 19.
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[Modes for Carrying Out the Invention]

[0013] Embodiments of the present invention are de-
scribed below with reference to the accompanying draw-
ings.

[0014] Fig. 1is a double-view for explaining a method

for manufacturing an optical element according to Exam-
ple 1. Fig. 2Ais an external perspective view of the optical
elementin the Example 1. Fig. 2B is an external perspec-
tive view of an optical element in another example. Fig.
3 is a table for explaining the evaluation of birefringence
distribution and optical surface precision in examples 1
to 6. Fig. 4 is a schematic diagram for explaining a method
for manufacturing an optical element according to Exam-
ple 2. Fig. 5is a schematic diagram for explaining a meth-
od for manufacturing an optical element according to Ex-
ample 3. Fig. 6 is a schematic diagram for explaining a
method for manufacturing an optical element according
to Comparative Example 1. Fig. 7 is a schematic diagram
for explaining a method for manufacturing an optical el-
ement according to Comparative Example 2. Fig. 8 is a
schematic diagram for explaining a method for manufac-
turing an optical element according to Comparative Ex-
ample 3. Fig. 9 is a schematic diagram for explaining a
method for manufacturing an optical element according
to Comparative Example 4. Fig. 10 is a table for explain-
ing the evaluation of birefringence distribution and optical
surface precision in Comparative Examples 1 to 5. Fig.
11 is a table illustrating the relationship between high
transfer area width and optical surface precision within
the distance between adjacent optical surfaces. Fig. 12A
is a schematic diagram illustrating the process of so-
called mold clamping to form a cavity by butting a mov-
able mold against a stationary mold. Fig. 12B is a sche-
matic diagram illustrating the process of so-called pro-
jecting to release a prism from an injection molding ma-
chine. Fig. 13A is a diagram illustrating an example of
the relationship between the width (one side) of a high
transfer area and the optical surface precision. Fig. 13B
is a diagram illustrating another example of the relation-
ship between the width (one side) of a high transfer area
and the optical surface precision. Fig. 14A is a diagram
illustrating an interference fringe when there is no surface
division. Fig. 14B is a diagram illustrating an interference
fringe when there is a surface division. Fig. 14C is a di-
agram illustrating the relationship between the width and
height of a non-optical surface according to the pres-
ence/absence of a surface division.

[0015] Fig. 15 is a view illustrating a modification of a
prism. Fig. 16 is a view illustrating another modification
of the prism. Figs. 17A, 17B and 17C are a perspective
view, a vertical cross-sectional view and a side view il-
lustrating still another modification of the prism, respec-
tively. Fig. 18 is a view illustrating a modification of a lens.
Fig. 19 is a view illustrating another modification of the
lens. Fig. 20 is a table illustrating the evaluation of the
optical surfaces of the optical elements illustrated in Figs.
15 to 19.
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[0016] In the following, with reference to the drawings,
a description is given of a method for manufacturing an
optical element by injection molding using a mold. As
illustrated in Fig. 2, an optical element 1090A is a dielec-
tric medium made of a resin transparent to the light used,
and has the shape of a trapezoid pillar, preferably an
isosceles trapezoid pillar. A typical example of the optical
element 1090A is a prism. The prism may have a shape
other than a trapezoidal pillar shape, or may be replaced
by an article having a shape that is unlikely to be of a
prism. For example, the prism may have a semi-cylindri-
cal shape, or may be replaced by a plate-like article.
[0017] Note that the prism used herein is not limited to
particular applications, and it may be an article like alens.
Lenses for other applications are described later with ref-
erence to Figs. 18 and 19.

[0018] As illustrated in Fig. 2A, the optical element
1090A includes optical surfaces 1091 and 1092 and a
non-optical surface 1093A. The non-optical surface
1093A faces the optical surface 1091. One of the optical
surfaces 1092 serves as anincidentsurface and the other
serves as an output surface. The optical surface 1091
serves as a reflective surface. Regarding the shape, the
optical element may include a positioning part 1088 on
side surfaces as illustrated in Fig. 2B. Still other shapes
of the optical element are described later.

[Method for manufacturing the optical element]

[0019] Theoptical element 1090A is fabricated through
a predetermined process using an injection molding ma-
chine. Here, the injection molding process using an in-
jection mold is briefly described with reference to Figs.
12A and 12B. Fig. 12A is a schematic diagramiillustrating
the process of so-called mold clamping to form a cavity
by butting a movable mold against a stationary mold. Fig.
12B is a schematic diagram illustrating the process of
so-called projecting to demold an optical element from
an injection molding machine.

[0020] An insert 1300 of movable mold cores (herein-
after referred to as "movable mold core insert") includes
amovable rear surface core 1302A, and a pair of movable
mirror surface cores 1301 and 1301 arranged to sand-
wich the movable rear surface core 1302A. The surface
area of the movable rear surface core 1302A includes a
transfer area 1095 where sink marks are desired (here-
inafter referred to as "sink forming area"), and high trans-
fer areas 1094 and 1094, where no sink mark is desired,
arranged adjacent to both sides of the transferarea 1095.
Push pins 1320 are arranged in the four corners of the
surface area.

[0021] As illustratedin Fig. 1, part 1200 of an injection
mold (hereinafter for convenience referred to as "injec-
tion mold") includes the movable mold core insert 1300
having a recess 1330 (cavity) formed in the shape of an
injection-molded article (the optical element 1090A), an
insert 1310 of fixed mold cores (hereinafter referred to
as "fixed mold core insert") having the function of closing
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the recess 1330 as being butted against the movable
mold core insert 1300, the push pins 1320, and an ejector
member (not illustrated). A resin material, i.e., the mate-
rial of the injection-molded article, is supplied to the cavity
from a cylinder 1260.

[0022] Asillustratedin Fig.12A, aninjection mold 1250
includes the movable mold core insert 1300 having the
recess 1330 (cavity) formed in the shape of the injection-
molded article, the fixed mold core insert 1310 having
the function of closing the recess 1330 as being butted
against the movable mold core insert 1300, the push pins
1320, an ejector member 1325, and the cylinder 1260
that supplies resin material, i.e., the material of the injec-
tion-molded article, to the cavity.

[0023] The injection molding process includes a mold
clamping step, an injection step, a pressure holding step,
a cooling step, a mold opening step, and a pushing/prod-
uct extraction step. The injection molding is performed
in this order. Inthe mold clamping step, the movable mold
core insert 1300 is butted against the fixed mold core
insert 1310 to close the recess 1330 formed in the mov-
able mold core insert 1300, thereby forming a cavity.
Next, a resin material 1305 (molten resin) is injected from
a resin supply furnace 1303 to fill the cavity therewith
(injection step). The resin material travels through a
sprue 1177 and a gate 1176, and is filled in the cavity.
When filled in the cavity of the mold, the resin material
is cooled in the mold and shrinks. Since the shrinkage
causes a change in the volume, this shrinking action re-
sults in adimensional change of amolded article, ashape
transferfailure, and the like. To preventthem, the amount
of resin reduced by the shrinkage is compensated by
applying a holding pressure on the molding machine side
(pressure holding step). Then, the resin material is cooled
in the mold until its temperature decreases to a level at
which it can be extracted from the mold (cooling step).
[0024] When the resin material 1305 is sufficiently
cooled after a lapse of a predetermined time, as illustrat-
ed in Fig. 12B, the movable mold core insert 1300 is
separated from the fixed mold core insert 1310 (mold
opening step). At this time, the molded article comes with
the movable mold core insert 1300. By sliding the push
pins 1320 against the fixed mold core insert 1310 (push-
ing step), the optical element 1090A is demolded. The
optical element 1090A is connected to a substrate and
a flow path forming component (not illustrated) to obtain
a sensor chip 1026.

[0025] Shrinkage occurs in a sink surface 1175 of the
optical element 1090A during the above-mentioned pres-
sure holding step. The shrinkage is caused in the sink
surface 1175 with the setting of a holding pressure of 65
MPa or less. Besides, as a push pin mark is generally
made on the injection-molded article in the pushing step,
push pin marks 1180 are formed on the sink surface 1175
of the optical element 1090A correspondingly to the ar-
rangement of the push pins 1320.

[0026] Ineach of examples described later (Examples
1 to 6), the birefringence distribution and the optical sur-
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face precision (the optical surface precision of the optical
surfaces 1091 and 1092) of an optical element were eval-
uated by changing the material, thermal conductivity, and
surface roughness of the movable rear surface core
1302A (described later) using the injection mold 1200
having the high transfer area 1094 with a short-side width
of a mm, the sink forming area 1095 with a short-side
width of b mm, and the movable rear surface core 1302A
with a short-side width of ¢ mm. In addition, evaluation
(described later) was performed using a ratio of distance
atodistance d of40%, where the distance d was obtained
by subtracting the one-side high transfer area width from
the adjacent optical surface distance, and referred to as
distance to the adjacent optical surface.

[0027] The high transfer area 1094 and the sink form-
ing area 1095 are areas that are formed in the non-optical
surface 1093A of the optical element 1090A. However,
since the rear surface area of the movable rear surface
core 1302A corresponds to the non-optical surface
1093A, hereinafterit is described for convenience as also
having the high transfer area 1094 and the sink forming
area 1095. In the following description, the optical surface
1091 facing the non-optical surface (not adjacent to the
non-optical surface) is referred to as opposite optical sur-
face

[0028] (fixed optical surface), and the optical surface
1092 adjacent to the non-optical surface is referred to as
adjacent optical surface.

[Thermal conductivity (W-m/K) of the movable rear sur-
face core]

[0029] The firstthermal conductivity in the sink forming
area 1095 is in arange of 0.6 W -m/K to 20 W -m/K. The
second thermal conductivity in the high transfer area
1094 is in a range of 8 W-m/K to 200 W-m/K. Desirably,
the first thermal conductivity is lower than the second
thermal conductivity. This is because, when the non-op-
tical surface has a lower thermal conductivity in the part
where shrinkage is desired to concentrate as compared
to the part which is desirably less likely to shrink, the
shrinkage does not extend into an optical surface adja-
cent thereto, and the surface precision of the optical sur-
face can be improved.

[0030] Preferably, the first thermal conductivity is in a
range of 8 W-m/K to 200 W-m/K. Examples of mold ma-
terial that satisfies the above numerical range include
plating and copper alloy. Preferably, the second thermal
conductivity is in a range of 0.6 W-m/K to 20 W-m/K.
Examples of mold material that satisfies the above nu-
merical range include SUS material coated or adhered
with thermal insulation resin material, SUS material lam-
inated with a ceramic layer by thermal spraying or past-
ing, SUS material laminated with Ni-P plating, and
STAVAX material.
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(Regarding the volume of the mold material for the sink
forming area in the surface of the rear surface core)

[0031] Preferably, the mold material having the first
thermal conductivity of the sink forming area has a thick-
ness as thin as possible so that the distribution of the
birefringence is stable and uniform without causing un-
even cooling. Needless to say, the thickness is deter-
mined after being appropriately adjusted depending on
the specifications required for the optical element. For
example, there may be such conditions that the surface
ofthe sink forming area, whose base material is STAVAX,
is plated uniformly as a low thermal conductivity material,
lapping is applied to the sink forming area, blast treatment
is applied to the edge area of the sink forming area, and
the edge area has a larger surface roughness Ra. With
such a structure, sink marks can be induced on the rear
surface, and the edge area subjected to the blast treat-
ment exhibits higher transfer. Thus, it is possible to re-
duce the influence of surface division on the optical sur-
face.

[0032] The thermal insulation resin material described
herein refers to those coated with polyimide excellent in
heatresistance and chemicalresistance, or films to which
a heat-resistant silicone-based adhesive based on poly-
imide is applied. Besides, the STAVAX material is chro-
mium alloy stainless tool steel, and is a metal particularly
excellent in corrosion resistance and wear resistance.
Recommended hardness level is about 45-54 HRC, the
density at room temperature is 7800 kg/m3, and the spe-
cific heat is 460 J/(kg.k). The STAVAX material contains
such components as Cr (chromium), V (vanadium), Mn
(manganese), Si (silicon), C (carbon), and the like. It is
desirable that the second thermal conductivity be larger
than the first thermal conductivity.

[Surface roughness Ra (wm) of the movable rear surface
core]

[0033] The surface of the high transfer area 1094 is
subjected to blast treatment, and also referred to as em-
bossed surface. The surface roughness Ra of the em-
bossed surface (center line average roughness: JIS
standard, hereinafter the same applies) is desirably in a
range of 0.5 pm to 100 pum. The surface roughness Ra
of the sink forming area 1095 is desirably in a range of
0.1 nm to 0.5 um.

[0034] If the surface roughness Ra of the sink forming
area 1095 is, for example, 0.1 nm, the surface is a so-
called mirror surface, and is finished by polishing and
grinding. A surface with a surface roughness Ra of less
than 0.5 um is obtained by applying blast treatment with
very small particles as also referred to as lepco treatment
after grinding.

[0035] Further, the difference in the surface roughness
Ra between the high transfer area 1094 and the sink
forming area 1095 is preferably not less than 0.3 um and
lessthan 100 um. Thisis because, when the sink-forming
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area 1095 has a surface roughness at alevel not affecting
demolding, and the high transfer area 1094 has a surface
roughness at a level achieving an anchor effect during
demolding, shrinkage in the non-optical surface 1093A
does not extend into the optical surface 1092 adjacent
thereto, and the surface precision of the optical surfaces
1091 and 1092 can be improved.

[0036] Described below are results of the evaluation
of the optical element measured by changing the values
of the thermal conductivity and surface roughness Ra of
the high transfer area 1094 and the sink forming area
1095. Incidentally, regarding the evaluation measure-
ments, a total of 11 evaluation measurements were car-
ried out by Examples 1 to 6 and Comparative Examples
1to 5.

[Example 1]

[0037] In Example 1, STAVAX was used as the mate-
rial for both the sink forming area 1095 and the high trans-
fer area 1094 in the movable rear surface core 1302A
illustrated in Fig. 1, and their thermal conductivity was 20
W/m -K. In the non-optical surface area sections in the
table of Fig. 3, the sink forming area 1095 is represented
by reference letter A (short-side central area), and the
high transfer area 1094 is represented by reference letter
B (optical surface adjacent area) in the table. The same
applies in Examples 2 to 6 described below.

[0038] Example 1was conducted usingamold inwhich
the sink forming area 1095 had a surface roughness Ra
of 0.2 um and the high transfer area 1094 had a surface
roughness Raof 0.7 um. Incidentally, the mold used was
capable of injection-molding an optical element having
the sink forming area 1095 with a short-side width of 3
mm and the high transfer area 1094 with a short-side
width of 2 mm.

[0039] A description is given below of results of the
evaluation on the optical element 1090 injection-molded
by the injection mold 1200 that satisfies the above con-
ditions. The birefringence distribution and the optical sur-
face precision of the optical element injection-molded un-
der the above conditions were measured as evaluation
items.

<Evaluation criteria>

[0040] Regarding the birefringence distribution of the
optical element 5 molded by a mold constituting the part
1200 of the injection mold (see Fig. 1) that satisfies the
above conditions, it is determined to be good when, in
plus/minus 5 mm (+/- 5 mm) of the long-side center of
the prism, P polarization ratio (also referred to as P po-
larization maintaining ratio) is 93% or more, and the dis-
tribution is less than 4% in PV. As for the optical surface
precision, the presence or absence of a surface division
in a white light interferometer is used an evaluation cri-
terion, and, if there is no surface division, it is determined
to be good. Incidentally, evaluation was performed using
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the same evaluation criteria also in Examples 2 to 6 and
Comparative Examples 1 to 5 described below. Here, P
polarization ratio (P polarization maintaining ratio) is de-
fined as the maintenance ratio of P polarization compo-
nent of P-polarized light incident on the prism in the sec-
tion from the incident surface to the reflective surface.

<Evaluation Results>

[0041] In Example 1, in plus/minus 5 mm (+/- 5 mm)
of the long-side center of the prism, as illustrated in the
table of Fig. 3, P polarization ratio was 93% or higher,
and the distribution was less than 4% in PV. Accordingly,
the birefringence distribution was favorable. Further, no
sink mark appeared on the optical surface adjacent to
the sink-forming area, and itwas confirmed from the eval-
uation of interference fringe by a white light interferom-
eter that there was no surface division. Thus, the optical
surface precision was determined to be good.

[Example 2]

[0042] Example 2 is different from Example 1 in that a
ceramic layer 1097 is further formed beneath a sink form-
ing area 1096 of a movable rear surface core 1302B il-
lustrated in Fig. 4. Ni-P plating (thickness t: 20 wm) is
used as the material for the sink forming area 1096.
STAVAX s used as the material for the high transfer area
1094.

[0043] Example2was conducted usingamoldin which
the thermal conductivity of the Ni-P plating was 8 W/m-K,
the thermal conductivity of the ceramic layer 1097 was
3 W/m -K, and the thermal conductivity of the STAVAX
material was 20 W/m -K, and besides, the sink forming
area 1096 had a surface roughness of Ra 0.05 um, and
the high transfer area 1094 had a surface roughness of
Ra 0.7 pm. Incidentally, the mold used was capable of
injection-molding an optical element having the sink
forming area 1096 with a short-side width of 3 mm and
the high transfer area 1094 with a short-side width of 2
mm.

[0044] A description is given below of results of the
evaluation on an optical element 1090B injection-molded
by a mold constituting the part 1200 of the injection mold,
which satisfies the above conditions. The birefringence
distribution and the optical surface precision of the optical
element injection-molded under the above conditions
were measured as evaluation items.

<Evaluation Results>

[0045] In Example 2, in plus/minus 5 mm (+/- 5 mm)
of the long-side center of the prism, as illustrated in the
table of Fig. 3, P polarization ratio was 93% or higher,
and the distribution was less than 4% in PV. Accordingly,
the birefringence distribution was favorable. Further, no
sink mark appeared on the optical surface adjacent to
the sink-forming area, and itwas confirmed from the eval-
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uation of interference fringe by a white light interferom-
eter that there was no surface division. Thus, the optical
surface precision was determined to be good.

[Example 3]

[0046] InExample 3, Ni-P plating (thickness t: 500 wm)
is used as the material for a sink forming area 1098.
STAVAX s used as the material for the high transfer area
1094.

[0047] Example 3was conducted usingamold inwhich
the thermal conductivity of the Ni-P plating was 8 W/m-K
and the thermal conductivity of the STAVAX material was
20 W/m-K, and besides, the sink forming area 1098 had
asurface roughness of Ra 0.05 pwm, and the high transfer
area 1094 had a surface roughness of Ra 0.7 pm. Inci-
dentally, the mold used was capable of injection-molding
an optical element having the sink forming area 1098
with a short-side width of 3 mm and the high transfer area
1094 with a short-side width of 2 mm.

[0048] A description is given below of results of the
evaluation on an optical element 1090C injection-molded
by amold constituting the movable mold core insert 1300,
which satisfies the above conditions. The birefringence
distribution and the optical surface precision of the optical
element injection-molded under the above conditions
were measured as evaluation items.

<Evaluation Results>

[0049] In Example 3, in plus/minus 5 mm (+/- 5 mm)
of the long-side center of the prism, as illustrated in the
table of Fig. 3, P polarization ratio was 93% or higher,
and the distribution was less than 4% in PV. Accordingly,
the birefringence distribution was favorable. Further, no
sink mark appeared on the optical surface adjacent to
the sink-forming area, and itwas confirmed from the eval-
uation of interference fringe by a white light interferom-
eter that there was no surface division. Thus, the optical
surface precision was determined to be good.

[Example 4]

[0050] Example 4 is different from Example 1 in that
the sink-forming area 1095 of the movable rear surface
core 1302A illustrated in Fig. 1 is made of heat resistant
resin material (polyimide film bonding or polyimide coat-
ing (thickness: 50 um)). STAVAX is used as the material
for the high transfer area 1094.

[0051] Example 4 was conducted using amold in which
the thermal conductivity of the heat resistant resin mate-
rial was 0.6 W/m K and the thermal conductivity of the
STAVAX material was 20 W/m -K, and besides, the sink
forming area 1095 had a surface roughness of Ra 0.07
pm, and the high transfer area 1094 had a surface rough-
ness of Ra 0.7 wm. Incidentally, the mold used was ca-
pable of injection-molding an optical element having the
sink forming area 1095 with a short-side width of 3 mm
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and the high transfer area 1094 with a short-side width
of 2 mm.

[0052] A description is given below of results of the
evaluation on the optical element injection-molded by a
mold constituting the injection mold core insert 1200,
which satisfies the above conditions. The birefringence
distribution and the optical surface precision of the optical
element injection-molded under the above conditions
were measured as evaluation items.

<Evaluation Results>

[0053] In Example 4, in plus/minus 5 mm (+/- 5 mm)
of the long-side center of the prism, as illustrated in the
table of Fig. 3, P polarization ratio was 93% or higher,
and the distribution was less than 4% in PV. Accordingly,
the birefringence distribution was favorable. Further, no
sink mark appeared on the optical surface adjacent to
the sink-forming area, and itwas confirmed from the eval-
uation of interference fringe by a white light interferom-
eter that there was no surface division. Thus, the optical
surface precision was determined to be good.

[Example 5]

[0054] In Example 5, evaluation was carried out using
a mold in which STAVAX was used as the material for
the sink forming area 1095 in the movable rear surface
core 1302Aillustrated in Fig. 1, and the high transfer area
1094 was made of a copper alloy.

[0055] The thermal conductivity of the STAVAX mate-
rial was 20 W/m-K, and the surface roughness of the sink
forming area 1095 was Ra 0.2 um. The thermal conduc-
tivity of the copper alloy was 200 W/m -K, and the surface
roughness of the high transfer area 1094 was Ra 0.7 pm.
Incidentally, the mold used was capable of injection-
molding an optical element having the sink forming area
1095 with a short-side width of 3 mm and the high transfer
area 1094 with a short-side width of 2 mm.

[0056] A description is given below of results of the
evaluation on the optical element injection-molded by a
mold constituting the part 1200 of the injection mold that
satisfies the above conditions. The birefringence distri-
bution and the optical surface precision of the optical el-
ement injection-molded under the above conditions were
measured as evaluation items.

<Evaluation Results>

[0057] In Example 5, in plus/minus 5 mm (+/- 5 mm)
of the long-side center of the prism, as illustrated in the
table of Fig. 3, P polarization ratio was 93% or higher,
and the distribution was less than 4% in PV. Accordingly,
the birefringence distribution was favorable. Further, no
sink mark appeared on the optical surface adjacent to
the sink-forming area, and itwas confirmed from the eval-
uation of interference fringe by a white light interferom-
eter that there was no surface division. Thus, the optical
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surface precision was determined to be good.
[Example 6]

[0058] In Example 6, evaluation was carried out using
a mold in which a ceramic bonding layer was used as
the material for the sink-forming area 1095 of the movable
rear surface core 1302A illustrated in Fig. 1, and the high
transfer area 1094 was made of a copper alloy.

[0059] Thethermal conductivity of the ceramic bonding
layer was 3 W/m ‘K, and the surface roughness of the
sink forming area 1095 was Ra 0.2 um. The thermal con-
ductivity of the copper alloy was 200 W/m ‘K, and the
surface roughness of the high transfer area 1094 was
Ra 0.2 pm. Incidentally, the mold used was capable of
injection-molding an optical element having the sink
forming area 1095 with a short-side width of 3 mm and
the high transfer area 1094 with a short-side width of 2
mm.

[0060] A description is given below of results of the
evaluation on the optical element 1090 injection-molded
by a mold constituting the part 1200 of the injection mold
that satisfies the above conditions. The birefringence dis-
tribution and the optical surface precision of the optical
element injection-molded under the above conditions
were measured as evaluation items.

<Evaluation Results>

[0061] In Example 6, in plus/minus 5 mm (+/- 5 mm)
of the long-side center of the prism, as illustrated in the
table of Fig. 3, P polarization ratio was 93% or higher,
and the distribution was less than 4% in PV. Accordingly,
the birefringence distribution was favorable. Further, no
sink mark appeared on the optical surface adjacent to
the sink-forming area, and itwas confirmed from the eval-
uation of interference fringe by a white light interferom-
eter that there was no surface division. Thus, the optical
surface precision was determined to be good.

[Comparative Example 1]

[0062] In Comparative Example 1, as illustrated in Fig.
6, part 1210 of the injection mold includes a movable
mold core insert 1400 having the recess 1330 (cavity)
formed in the shape of an injection-molded article (optical
element 1100A), the fixed mold core insert 1310 having
the function of closing the recess 1330 as being butted
against the movable mold core insert 1400, the push pins
1180, and an ejector member (not illustrated). A resin
material, i.e., the material of the injection-molded article,
is supplied to the cavity from the cylinder 1260. Inciden-
tally, like reference numerals depict like components as
those described in Example 1.

[0063] The movable mold core insert 1400 includes a
movable rear surface core 1402A, and a pair of the mov-
able mirror surface cores 1301 and 1301 arranged to
sandwich the movable rear surface core 1402A.
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[0064] In Examples 1 to 6, the rear surface of the mov-
able rear surface core has a sink forming area and high
transfer areas formed on both sides of it. On the other
hand, in Comparative Example 1, the entire rear surface
of the movable rear surface core 1402A forms a transfer
area 1110 differently from Examples 1 to 6. The push
pins 1320 are arranged in the four corners of the surface
area. Here, the mold used is capable of injection-molding
the optical element 1100A having the transfer area 1110
with a short-side width of 7 mm.

[0065] InComparative Examples 1to 4, the non-optical
surface area sections are made of the same material and
have the same thermal conductivity and surface rough-
ness over the entire area. On the other hand, in Com-
parative Example 5, different surface treatments are ap-
plied to the short-side central area and the optical surface
adjacent area. Therefore, in the table of Fig. 10, the short-
side central area A and the optical surface adjacent area
B are represented by reference letters in the non-optical
surface area sections for convenience.

[0066] In Comparative Examples 1 to 5 described be-
low, the birefringence distribution and the optical surface
precision of an optical element were evaluated by chang-
ing the material, thermal conductivity, and surface rough-
ness of the movable rear surface core (described later)
using an injection mold having the transfer area with a
short-side width of 7 mm in the movable rear surface
core. The transfer area is an area that is formed in the
non-optical surface of the optical element. However,
since the rear surface area of the movable rear surface
core corresponds to the non-optical surface, hereinafter
itis described for convenience as also having the transfer
area.

[0067] Comparative Example 1 was conducted using
a mold, in which the transfer area 1110 was made of
STAVAX, and had a thermal conductivity of 20 W/m ‘K
and a surface roughness of Ra0.2 um. Incidentally, lepco
treatment had been applied to the transfer area 1110 of
the movable rear surface core 1402A after grinding.
[0068] A description is given below of results of the
evaluation on the optical element 1100A injection-mold-
ed by the part 1200 of the injection mold that satisfies
the above conditions. The birefringence distribution and
the optical surface precision (the surface precision of the
opposite optical surface and the adjacent optical surface)
of the optical element injection-molded under the above
conditions were measured as evaluation items.

<Evaluation Results>

[0069] In Comparative Example 1, in plus/minus 5 mm
(+/- 5 mm) of the long-side center of the prism, as illus-
trated in the table of Fig. 10, P polarization ratio was 93%
or higher, and the distribution was less than 4% in PV.
Accordingly, the birefringence distribution was favorable.
Further, no sink mark appeared on the optical surface
1091 (the opposite optical surface or the fixed optical
surface), and the optical surface precision was deter-
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mined to be good. However, surface division was caused
in the optical surface 1092 (the adjacent optical surface).
Accordingly, it was determined to be difficult to achieve
both good birefringence distribution and excellent optical
surface precision.

[Comparative Example 2]

[0070] Comparative Example 2 was conducted using
a mold (see Fig. 7) in which a transfer area 1120 was
made of STAVAX, and had a thermal conductivity of 20
W/m-K and a surface roughness of Ra 0.7 um. Inciden-
tally, graining had been applied to the surface of a mov-
able rear surface core 1402B.

[0071] A description is given below of results of the
evaluation on an optical element 1100B injection-molded
by the injection mold 1210 that satisfies the above con-
ditions. The birefringence distribution and the optical sur-
face precision of the optical element injection-molded un-
der the above conditions were measured as evaluation
items.

<Evaluation Results>

[0072] In Comparative Example 2, in plus/minus 5 mm
(+/- 5 mm) of the long-side center of the prism, as illus-
trated in the table of Fig. 10, the distribution of P polari-
zation ratio was not less than 4% in PV, and the birefrin-
gence distribution was not favorable. Further, sink marks
appearedon the optical surface 1091. Therefore, in Com-
parative Example 2, it was determined to be difficult to
achieve both good birefringence distribution and excel-
lent optical surface precision.

[Comparative Example 3]

[0073] Comparative Example 3 was conducted using
a mold (see Fig. 8), in which a transfer area 1130 was
made of Ni-P plating (thickness t: 500 pm), and had a
thermal conductivity of 8 W/m-K and a surface roughness
of Ra 0.5 pum. Incidentally, lepco treatment had been
applied to the surface of a movable rear surface core
1402C.

[0074] A description is given below of results of the
evaluation on an optical element 1100C injection-molded
by the injection mold 1210 that satisfies the above con-
ditions. The birefringence distribution and the optical sur-
face precision of the optical element injection-molded un-
der the above conditions were measured as evaluation
items.

<Evaluation Results>

[0075] In Comparative Example 3, in plus/minus 5 mm
(+/- 5 mm) of the long-side center of the prism, as illus-
trated in the table of Fig. 10, P polarization ratio was 93%
or higher, and the distribution was less than 4% in PV.
Accordingly, the birefringence distribution was favorable.
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Further, no sink mark and stripe appeared on the optical
surface 1091, and the optical surface precision was de-
termined to be good. However, sink marks were formed
in the optical surface 1092. Accordingly, it was deter-
mined to be difficult to achieve both good birefringence
distribution and excellent optical surface precision.

[Comparative Example 4]

[0076] Comparative Example 4 was conducted using
a mold (see Fig. 9), in which a transfer area 1140 was
made of a ceramic material, and had a thermal conduc-
tivity of 3 W/m-K and a surface roughness of Ra 0.6 um.
Incidentally, no treatment was applied to the surface of
the movable rear surface core 1402B.

[0077] A description is given below of results of the
evaluation on an optical element 1100D injection-molded
by the injection mold 1210 that satisfies the above con-
ditions. The birefringence distribution and the optical sur-
face precision of the optical elementinjection-molded un-
der the above conditions were measured as evaluation
items.

<Evaluation Results>

[0078] In Comparative Example 4, in plus/minus 5 mm
(+/- 5 mm) of the long-side center of the prism, as illus-
trated in the table of Fig. 10, the distribution of P polari-
zation ratio was not less than 4% in PV, and the birefrin-
gence distribution was not favorable. Besides, no sink
mark and surface division appeared on the optical sur-
faces 1091 and 1092, and the optical surface precision
was determined to be good. Accordingly, it was deter-
mined to be difficult to achieve both good birefringence
distribution and excellent optical surface precision.

[Comparative Example 5]

[0079] Comparative Example 5 is an example of eval-
uation that was conducted differently from Comparative
Examples 1 to 4 using a mold (not illustrated), in which
the short-side central area (A) of the transfer area has a
surface roughness Ra different from a surface roughness
Ra of the optical surface adjacent areas (B) formed on
both sides of the short-side central area (A).

[0080] The transfer area was made of STAVAX, and
had a thermal conductivity of 3 W/m -K. The short-side
central area (A) had a surface roughness of Ra 0.05 pm,
and had been mirror-finished. The optical surface adja-
cent area (B) had a surface roughness of Ra 0.2 um, and
had been subjected to lepco treatment. Incidentally, the
mold used was capable of injection-molding an optical
element having the mirror-finished short-side central ar-
ea (A) with a short-side width of 3 mm and the optical
surface adjacent area (B) subjected to lepco treatment
with a short-side width of 2 mm.

[0081] A description is given below of results of the
evaluation on the optical elementinjection-molded by the
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injection mold that satisfies the above conditions. The
birefringence distribution and the optical surface preci-
sion of the optical element injection-molded under the
above conditions were measured as evaluation items.

<Evaluation Results>

[0082] In Comparative Example 5, in plus/minus 5 mm
(+/- 5 mm) of the long-side center of the prism, as illus-
trated in the table of Fig. 10, P polarization ratio was 93%
or higher, and the distribution was less than 4% in PV.
Accordingly, the birefringence distribution was favorable.
Further, no sink mark appeared on the optical surface
(fixed optical surface) opposite to the non-optical surface,
and the optical surface precision was determined to be
good. However, in the evaluation by a white light inter-
ferometer, surface division was caused in the optical sur-
face adjacent to the non-optical surface. Accordingly, it
was determined to be difficult to achieve both good bire-
fringence distribution and excellent optical surface pre-
cision.

[Relationship between the width of the high transfer area
(one side) and the optical surface precision]

[0083] In the following, taking Fig. 1 as an example, a
description is given of the relationship between the length
of the high transfer area 1094 (one side width) and the
adjacent optical surface precision. The adjacent optical
surface precision refers to the precision of the "adjacent
optical surface" described above. The adjacent optical
surface distance as used herein refers to the length
(width: ¢ mm) of the movable rear surface core 1302 in
a position between the adjacent optical surfaces.
[0084] A high transfer area width where the adjacent
optical surface distance is ¢ (mm) and a ratio (%) of the
width a (mm) of one of the high transfer areas 1094 to
the distance d (mm) to the adjacent optical surface are
obtained.

[0085] Incidentally, the high transfer area width refers
to the distance between the adjacent optical surface and
the sink forming area. In the example of Fig. 1, for ob-
taining the ratio described above to explain the evaluation
ofthe one-side high transfer area width, a ratiois obtained
using a value (d in Fig. 1) obtained by subtracting the
one-side high transfer area width from the adjacent op-
tical surface distance as the denominator and the high
transfer area width (a in Fig. 1) as the numerator.
[0086] In the example of Fig. 13A, the birefringence
distribution and the optical surface precision (the optical
surface precision of the optical surfaces 1091 and 1092)
of an optical element were evaluated by changing the
material, thermal conductivity, and surface roughness of
the movable rear surface core 1302A (described later)
using the injection mold 1200 in which the high transfer
area width was a (mm), the short-side width of the sink
forming area 1095 (sink area length) was b (mm), and
the adjacent optical surface distance was ¢ (mm). Here,
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the evaluation was performed assuming that the ratio of
the high transfer area width a (mm) to the distance d
(mm) to the adjacent optical surface is 13%. Forexample,
if the width of the high transfer area 1094 (one side) is
0.8 mm and the adjacent optical surface distance is 7
mm, the distance to the adjacent optical surface is 7 mm
(adjacent optical surface distance c) - 0.8 mm (one-side
high transfer area width a) = 6.2 mm from the above def-
inition. Thus, the aforementioned ratio is 0.8 mm/(7 - 0.8)
mm = 13% (see the table of Fig. 11). In this case, surface
division was caused in the adjacent optical surface as
illustrated in Fig. 13A, and favorable adjacent optical sur-
face precision was not obtained.

[0087] Inthe example of Fig. 1, since the high transfer
area width a (width of one of the areas 1094) is 2.0 mm,
the distance d to the adjacent optical surface is 7 mm
(adjacentoptical surface distance c) - 2.0 mm (high trans-
fer area width a) = 5.0 mm from the above definition.
Thus, the aforementioned ratio is 2.0 mm/(7 - 2.0) mm =
40% (see the table of Fig. 11). In this case, no surface
division was caused in the adjacent optical surface as
illustrated in Fig. 1, and the adjacent optical surface pre-
cision was favorable.

[0088] Inthe example of Fig. 13B, since the high trans-
fer area width a (width of one of the areas 1094) is 3 mm,
the distance d to the adjacent optical surface is 7 mm
(adjacent optical surface distance ¢) - 3.0 mm = 5.0 mm
from the above definition. Thus, the aforementioned ratio
is 3 mm/(7 - 3) mm = 75% (see the table of Fig. 11). In
this case, no surface division was caused in the adjacent
optical surface as illustrated in Fig. 13B, and the adjacent
optical surface precision was favorable.

[0089] According to the evaluation results illustrated in
Fig. 11, for example, if the high transfer area width a is
small with respect to the distance d to the adjacent optical
surface (e.g., the area 1094 in Fig. 13A), the sink forming
area becomes relatively large. Accordingly, it is not pos-
sible to suppress the effect of surface division on the
optical surface. Meanwhile, if the sink area width b is
small with respect to the distance d to the adjacent optical
surface (e.g., the area 1095 in Fig. 13B), shrinkage in a
required size cannot be formed by means of the rear
surface of the movable rear surface core alone. As a
result, shrinkage is caused on any of surfaces including
the optical surface opposite to the sink forming area.
From the results of the experiment, the ratio of (high
transfer area width a)/(distance d to the adjacent optical
surface) is desirably 15 to 60%.

<Effect>

[0090] In the method for manufacturing an optical ele-
ment in this embodiment, an optical element is molded
under the molding conditions of low injection pressure
by using an injection mold that includes a movable rear
surface core, ontherear surface area of which are formed
a sink forming area having a first surface roughness, and
a high transfer area having a second surface roughness
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larger than the first surface roughness and located out-
side the sink forming area (between the sink forming area
and the optical surface formed adjacent to the sink form-
ing area). In this manner, the optical element with good
birefringence distribution and optical surface precision
can be obtained. Thus, it is possible to stably provide an
optical element with good birefringence distribution,
which does not cause transfer defects such as surface
division and sink marks on the required optical surface,
without complicating the structure of the mold.

[0091] Further, an optical element is molded under the
molding conditions of low injection pressure by using a
mold that satisfies the above conditions on the first ther-
mal conductivity in the sink forming area in the rear sur-
face area of the movable rear surface core, and the sec-
ond thermal conductivity in the high transfer area ar-
ranged outside of the sink forming area, in addition to the
conditions of the first and second surface roughness.
Thus, itis possible to obtain the optical element with good
birefringence distribution and optical surface precision
without complicating the structure of the mold.

[Modifications of the lens]

[0092] In the following, the effect in the application of
the present invention is verified by changing the shape
of the lens to be molded. Fig. 20 is a diagram illustrating
the evaluation of optical surfaces of lenses (described
later) illustrated in Figs. 15 to 19.

<Example of a case where the sinkforming areais formed
in only the center of the rear surface>

[0093] In this example, as illustrated in Fig. 15, a sink
forming area (sink forming surface) 1595 is formed only
in the center of the rear surface of a movable rear surface
core 1502A. A sink forming area 1595A is surrounded
by a surface adjacent to the optical surface (hereinafter
referred to as "optical surface adjacent surface"). The
surface roughness Ra of the sink forming area 1595 is
less than 0.5 um, and the surface roughness Ra of an
optical surface adjacent surface 1594 is 0.5 pm or more.
[0094] Evaluation was made as to the presence or ab-
sence of sink marks by external observation of the optical
surface adjacent surface (first evaluation), the presence
or absence of surface division by a white light interfer-
ometer (second evaluation), the presence or absence of
sink marks by external observation of the optical surface
not adjacent to the sink forming area 1595 (third evalu-
ation), and whether both birefringence and surface pre-
cision could be achieved (fourth evaluation). In the fol-
lowing examples, evaluation was performed in the same
manner as described above.

[0095] As illustrated in Fig. 20, in this example, favo-
rable results were observed in the first to fourth evalua-
tions.
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<Example of a case where the optical element has a
circular shape>

[0096] In this example, as illustrated in Fig. 16, the op-
tical element has a circular shape. The circular sink form-
ing area 1595 (sink forming surface) is formed in only the
center of the rear surface of a movable rear surface core
1502B, and a circular optical surface adjacent surface is
formed around it. The surface roughness Ra of the sink
forming area 1595 is less than 0.5 pm. The surface
roughness Ra of the optical surface adjacent surface
1594 is 0.5 pm or more.

[0097] As illustrated in Fig. 20, in this example, favo-
rable results were observed in the first to fourth evalua-
tions.

<Example of a case of a long lens>

[0098] Inthis example, asillustrated in Fig. 17A, along
lens is used, and the arrangement of the optical surface
is different from those described in the above examples.
In otherwords, the rear surface of a movable rear surface
core 1502C and the surface facing it are optical surfaces,
and two surfaces 1693C adjacent to the rear surface of
the movable rear surface core 1502C are non-optical sur-
faces. Asillustrated in Fig. 17C, a sink forming area 1695
is formed in the non-optical surface 1693C, and an optical
surface adjacent surface 1694 is formed around it. The
surface roughness Ra of the sink forming area 1695 is
lessthan 0.5 um. The surface roughness Ra of the optical
surface adjacent surface 1694 is 0.5 um or more.
[0099] As illustrated in Fig. 20, in this example, favo-
rable results were observed in the first to fourth evalua-
tions.

<Example of a case of an imaging lens>

[0100] Inthis example, animaging lens is used. In Fig.
18, a portion (area) indicated by broken lines is a high
transfer area 1794, while a portion (area) indicated by
thick solid lines is a sink forming area 1795. As a result
of the evaluation, no surface division occurred on the
optical surface, sink marks could be concentrated in the
sink forming area, and molding was enabled with the sta-
ble lens outer dimensions. As illustrated in Fig. 20, in this
example, favorable results were observed in the first to
fourth evaluations.

<Example of a case of a light guide plate for a head-
mounted display>

[0101] This example illustrates an example of a light
guide plate for a head-mounted display. As illustrated in
Fig. 19, no surface division occurred on optical surfaces
21aand 21b, and sink marks could be concentrated in a
sink forming area 1895. As illustrated in Fig. 20, in this
example, favorable results were observed in the first to
fourth evaluations.
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[Explanation of Symbols]

[0102]

1090A  Optical element

1090B  Optical element

1090C  Optical element

1091 Optical surface

1092 Optical surface

1093A  Non-optical surface
1093B  Non-optical surface
1093C  Non-optical surface

1094 High transfer area

1095 Low transfer area (sink forming area)
1097 Ceramic layer

1200 Part of injection mold
1300 Movable mold core insert
1301 Movable mirror core
1302A  Movable rear surface core
1302B  Movable rear surface core
1302C  Movable rear surface core
1310 Fixed mold core insert
1320 Push pin

1330 Recess (cavity)

Claims

1. A method for manufacturing an optical element hav-
ing an optical surface and a non-optical surface that
is adjacent to the optical surface via a ridge by injec-
tion molding, the method comprising:

forming the non-optical surface with a mold hav-
ing a surface that includes a first area having a
first surface roughness for forming a sink area,
and a second area having a second surface
roughness larger than the first surface rough-
ness, the second area being located between
the first area and the optical surface.

2. The method according to claim 1, wherein

the first surface roughness of the first area is not less
than Ra 0.1 nm and less than Ra 0.5 pum, and

the second surface roughness of the second area is
not less than Ra 0.5 pm and not more than Ra 100
pm.

3. The method according to claim 1 or 2, wherein dif-
ference between the first surface roughness of the
first area and the second surface roughness of the
second area is not less than Ra 0.3 pm and less
than Ra 100 pm.

4. The method according to any one of claims 1 to 3,

wherein
a surface of the mold where the first area is formed
is made of a material having a first thermal conduc-
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tivity, and
a surface of the mold where the second area is
formed is made of a material having a second ther-
mal conductivity higher than the first thermal con-
ductivity.

The method according to claim 4, wherein

the first thermal conductivity is not less than 0.6
W-m/K and not more than 20 W -m/K, and

the second thermal conductivity is not less than 8
W-m/K and not more than 200 W -m/K.

A method for manufacturing an optical element hav-
ing an optical surface and a non-optical surface that
is adjacent to the optical surface via a ridge by injec-
tion molding, the method comprising:

forming the non-optical surface with a mold hav-
ing a surface that includes a first area having a
first thermal conductivity for forming a sink area,
and a second area having a second thermal con-
ductivity larger than the first thermal conductiv-
ity, the second area being located between the
first area and the optical surface.

The method according to claim 6, wherein

the first thermal conductivity is not less than 0.6
W:-m/K and not more than 20 W-m/K, and

the second thermal conductivity is not less than 8 W
‘m/K and not more than 200 W-m/K.

The method according to claim 6 or 7, wherein dif-
ference between first surface roughness of the first
area and second surface roughness of the second
area is not less than Ra 0.3 pm and less than Ra
100 pm.

The method according to any one of claims 1 to 8,
wherein the second area is located adjacent to a
surface of the mold where the optical surface is
formed.

The method according to any one of claims 1 to 9,
wherein a ratio of the second area to a distance be-
tween optical surfaces adjacent to the non-optical
surface is 15 to 60%.

An optical element manufactured by the method of
any one of claims 1 to 10.

10

15

20

25

30

35

40

45

50

55

13

24



FIG. 1

\
X
.
\

7

10 /////42 \
7. ,,ﬁy//////,- /
1081

-

.

/

7%

.
.
N

P

3.3
| 4 4 |
lllllllll

3.1,
L34 bs
lllllllll

3.3
IIIII
"l" ‘‘‘‘




EP 2 977 168 A1

FIG. 2A
1090A

1091 /

1092

15



EP 2977 168 A1

NOISIO3eld 30V4NS ONY

NOILVNTVAL

o) o) o) o) o) O | 3000348 HICH 40 LNBHNLLY Tviol |4
RETE AT (9) g oL IN3OVYray oL
3NV TN
O o c © © O ot biNi sy 30v48ns TWoiLdo w_m
0 0 o o 0o o (@) 30viuNs| =<
e L i
VAV ON | 5 vauns woiLas| 29
I 102 L1 L0 0 ) 4 o NOLLNgINLSIa WO
O o) 0 0 O O el JONIONIMATHIG | W=
VId3LIND NOIV VAT (Ww IONVLSIO 30v4uN o
7 Z Z 7 Z z (3a1S 3NO) & 3:%%23& o)
£ £ £ £ £ ) v zo_wﬁwn‘_o =
(z’ o) - _ - _ - _ - - wr ey L
A -10 (-20 (-20) (-20) (-20) g SSANHONG o
- 0VRNS HOMMINIONINIVED| ONINIVEO | ONINIVEO | ONINIVHO [ONINIVYO 39V44NS mu._
(20) (¢0) (L0°0) (500-) (50°0-) (z'0) INFNYRYL |
ININLY3HL 00| INBLeL 00| FOVAMNS | INIWIYAML| IN3WLY3ML| LEWLVL00E v Iyv4ans | &
.mgm_%&w% .m@(ﬂ%zow% NS |30v44nS HONYIA] 30v48nS HOMMIN]- 20w-4iS oMM 3
002 002 (02) (02) (02) (02) OlsW/M S
AOTIY | AOTIY a ALIAILONANOQ|
e e e T o Tl oo iy e
9'0 WhENA +
(€) (02) (®) Bowndey| (0% a3aMosaa.| oy
() ¥R ko (M 00 ) fue) 3 v mmkm.m wwamwﬁm 2z
: N34 DL 00 1) fuw ) JkannomyeR)s

oniaNos omvez0] X YAYLS fy e o onLvid dN| g sngen] XVAVLS 40 VIV | 52

(V34 YI4SNVL HOIH '8

9 31dWVX3]s TdWVXElY T1dNVX3|e TTdNYXE|Z F1dNvX3|L Tidnwa| VIRV NGNS V)

30v44NS TWOLLJO-NON

¢ Old

16



FIG. 4

1330  1090B

[\

/ ' ;. ! W
W 770 L 7
\\\\ NN Y,
N \l\\\ 1001
\ 1092
Q\\\ \
\\\‘\ N

! :
I T V)
1301+ 13028 | 1097
3
{

H
! 1301
]
1




EP 2 977 168 A1

1090C

/
1301

P L L L L LT Ty

1094

1180

1301

\

1310

1300

1200 <

1302C

5

FIG

18



EP 2 977 168 A1

r
1310
"
1210<
1400 {
\— \

H 1
) v )
] 1
] 1
1301 : 1402A ; 1301
] i
[ ]
] ]
[ i
[] t
i ]
1 i
1 1
1 ]
] 1
1180 | :
: 1110 ! 1180
1 1
1180 1180

FIG. 6

19



§\\ \§ | 120 " \\\

W\
: '
! 'l
. . )
: ?
: ]
: |
: 1
H 1
' 1402B |
H ]
: i
: t
H i
. ]
H ]
H i
: 1
H 1
: 1
: 1
! H
H
FRTTITIETER 1180
HHHH R Hhe!
Wﬂ'i'l R
Yeledhy : 1)
Y 100 ML
£ ] J' M .
ML o] 1402B
1 g
it "l1' -’-'.!.‘
11 l"l' 1] ‘:’.' 3
1 tial
Ttk edets!
ke i
A IR M
I o
TR H R
ERe 3 ) S,q‘ ey
Y Lo larate
st ity
AL L PN
sttt
tis il
BT 1180
114 d
h i St

FIG. 7






1210 <

2 e
Satetetatatateens
S D
‘ 0.0 6.0.09.0 ¢ :
: :
L \
5 :
1301 1 14020 | 1301
; :
! '
1180 Ssstatatetis 1180
SRR jmozn
1180 ERRaassy— 1180
1140

FIG. 9



EP 2977 168 A1

) N - y NSRS O] NOILYN VAT
X JONONR::248 LB 10 LNGHTVLLY WIOL| w
(NOISIAIG, 0 INOISINIQ,, | (NOISIAI (NOISIAIGy r LEIELNEESE ﬁ.m_% _ % (D) gOoLINAOVray|] SO
ENE VNS 13ovHENS)®  jaovaung)” zo:ggm it 30V4HNS WOILO| b
O
o o v 0o SVIINIS|  VOLLAD A E o
O MNIS 40 JONVEVIddY ON NOISIOFNd| <im
- T JOV4HNS TvY2ILdO Mw
d
wmﬂﬁﬁnﬁ osat T\ z%?mwmmwﬁmﬁﬂ N _ Nonausia | 39
O X O X O Laomuons owvinozvioad| SONFONIMA3HIE
VINALIN0 NOILLVAIVAS
¢ L . . Gaisanola MHTIVEIENM 2
¢ v NOISNAWIa] S
%E%@ (20) a (wriey | i
093 (90) (§0) - 2:0) |ININLY3HL SN | S
Go o] INFWLYIULIINFWLYIEL) o niNivaD 0943l =
ININLYIHL NON 0043l - 39V4HNS v INIFNLYIYUL | oo
m@(ﬂﬂ@_\w‘ MONNIN JOV4HNS Nm._u
| HOuMIN o=
8 ﬁ_>_.6%m_.m:m>> o)
e
(02) (€) (8) (02) (02) LONINOSl &2
(@3YIAVINIHW| 59
’ ) a3giygos3a S
SNTIE R N LRy =
XYNAVLS DINVHE3AD d-IN XVAYLS XVAVYLS 10 Tvin3 ._.<S; wwm
sqimal  rananvxal cTanvxal  zaidmwxal L Tl o Do N
INLVAVNOD(IN LVEVANOD[INLVHVAINOD| FNLIVHVAINOD| ML) _ - - - NOILOIS Vsl

0l ©l4

23



EP 2 977 168 A1

(%)GL=001 x WW(g—/),/Wig

%E9 =WW([ Z~7)/WW/g
O (%)9G X WW(G Z—/) /WwG'g wwg o
O (%)0=001 X WW(g—L)/Wwg wwg wwef €
O (%)L1=00] X Ww( | ~/)/ww |

T INOISIN % fene 1= 0— .
DOSIAIX [%)€1=00 | X Wui(g0-L)/WWg'0

a 3ov4Uns ] o Aov4nsS (3QIS INO)
IVOILdO 4001vIILdO 40| FOV4HENS TVOILdO LNIOVIay HLAIM | HLAIM V3V
NOISIO3¥d | NOISIDIYd Ol 3ONVLSIA OL OlLVY VIUVYINIS YI4SNVHL

30Vv4dNS HOIH

S30V4dNS TvOILdO LNIOVray N33IM138 (WL /) ONVLSIA NI NOISIDIdd Fovadns 1volLldO
ONY HLAIM V3HY 434SNVHL HOIH N33M13d dIHSNOILY T3

ADVRINS

Ll Ol

24



EP 2 977 168 A1

09¢l LLL 1

\\ / L
2\

Z
\\9\\\\\\

LG SSSSSNINIINIWEFA R W
\\7//////A A IR \\N

\\AV/ QU7 /| s

N g
mmm_ \\\ /\\/&Q\w\\\\

25

OLEL Ocel 0cEl

05e!
Vel Old



EP 2977 168 A1

(L

GZE I

\\///////////////////////////////////le

26

N7
NN e BN ///////A////\\Xﬁu
7\ \\4 oLLL N7 N
a W\
€oel N /| e %/ ; \M\»%

dcl 9Old



EP 2 977 168 A1

- 1310 )
7 ] _;
’,’:/ 7 Z v 7
g _ _
N i}\‘:

1200 9

-

NN

\
1301 ; 5 1301
; 5 3024
11095 .
1320 _ | '
o 1320
1094 1094
1320
1320

FIG. 13A

27



EP 2 977 168 A1

12004 N\
_

N N \\\}\{ i - : E
TR 4N ; \\.\\ X
\%\%\\ N ~‘\‘\‘\ Q‘:‘ ’. / HE R R \\“\. §
} MBIIMIT 77 ATtR Mlling
1300 RN NI / i N NN
L P N N R \ N
\ NN i N N R R
R N \\: ;‘, \\ \ \ X X \\
N 4
X 7 \\\\ o :‘ N
\ ' X

2 %
V7 2 /\{/’

L <

» N
BN \ \ s
\\\:“
\\

D

3
N
N

\
N
\

N
N
N\
X

i N \ 3
NN )

&\t\\\\\\\ \:\\\\\\\ X ;{:’:

1084
1301

i 1180 13008~

Lynginl—— 1180

FIG. 13B

28



EP 2977 168 A1

FIG. 14A

FIG. 14B

= 12930 IO R .

29



EP 2 977 168 A1

i

e e e (MUYBOUBISIAY ]

st oF S

e
\\v ™ _

L7

B[~

vl 9Ol

30



1310 <

1300 { §:\\§§ ’;\\\\Q\S\%
Ao \ \

FIG. 15




1300 <

/ A
1501
1501 15028
]
' .
o 1995 15028
]
A | i)
1594
2m
S
» e

FIG. 16



EP 2 977 168 A1

FIG. 17A
20mm|
G
r——’// -
. /,j /,// B
= )= e I
= 169%
1695
FIG. 17B
1310 4( //j///: /j M
&§ TS 1693C
1300 | . & \§
\ / §\§§
693G 1501 15320 1501
FIG.17C 1693C
=
::::::J..:r.? 5 : =




EP 2 977 168 A1

FIG. 18

1794

U vd
(=2
o~
o

1795a

1794

34



EP 2 977 168 A1

FIG. 19

<t
»
o
—-

35



EP 2977 168 A1

0 0 0 0 0 NOISTDIad SOVINNG NV
JONIONITHIE HIOS J0 INFWNIVLLY i
VI0v SN0 NS 01
@ @ 1@ .Or 0 AV ANIS 40 JONVYVIY ON|j39yrqy [N Sov340S TWl1d0
0 0 0 0 O L E e e s ]
A ~ - - 30v44NS INJOVray
0O O ) 0 O [MuvININIS 40 3ONVVIddY ON| 3OVHENS TYOILdO
"3v1d|  SNII| SNl |INIWNT 13 |ININT 1T — -
309 1HOM| ONIDVINL | ONOT | I¥DLLdO | TvOILdO
6L old|l grod | Z1O14] 9L O14] gL 914 |  SLNILNOD NOILYNTVAT

36



10

15

20

25

30

35

40

45

50

55

EP 2977 168 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2014/050510

A.  CLASSIFICATION OF SUBJECT MATTER

B29C45/37(2006.01)1, G02B3/00(2006.01)i, B29L11/00(2006.01)n

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B29C45/00-45/84, GO02B3/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho 1922-1996
Kokai Jitsuyo Shinan Koho 1971-2014

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2014
1994-2014

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

31 May 1991
entire text
(Family: none)

(31.05.1991),

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 6-328522 A (Ricoh Co., Ltd.), 1-11
29 November 1994 (29.11.1994),
entire text
(Family: none)
A Jp 2012-56269 A (Ricoh Co., Ltd.), 1-11
22 March 2012 (22.03.2012),
entire text
& US 2012/0063811 Al & EP 2428346 A2
A Jp 3-128218 A (Olympus Optical Co., Ltd.), 1-11

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
27 March, 2014 (27.03.14)

Date of mailing of the international search report
08 April, 2014 (08.04.14)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

37




10

15

20

25

30

35

40

45

50

55

EP 2977 168 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2014/050510

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JP 2012-250510 A (Seiko Epson Corp.),

20 December 2012 (20.12.2012),

entire text

& US 2012/0308764 Al & CN 102814914 A

1-11

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

38




EP 2 977 168 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JP 2012020511 A [0006]

39



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

